The objective of this work is to study the possibility of estimating the heat flux balance at the sea surface from GOSSTCOMP (Global Ocean 
Introd uction
The objective of this study is to evaluate an alternate method to determine the heat flux balance at the sea surface from remote sensing measurements. Quantitative estimates of the heat balance have been obtained for the tropical At1antic and Eastern Pacific by Hastenrath & Lamb (1978) , based on surface meteoro1ogica1 observations made by ships during 1~11-1970 . Also, Publ. n. 629 do In6t. o~eanogn. da U~p. Privett (1960) estimated the change of energy between the atmosphere and the oceans of the Southern Hemisphere using surface observations recorded aboard se1ected British ships.
The present work was based on a paper by Oort & Vonder Haar (1976) using sate11ite data of the top of the atmosphere for the Northern Hemisphere. Our paper indicates that the same approach app1ied to the region off Brazi1 shown in Figure 1 may a1so give satisfactory resu1ts. The sea surface temperature (55T) data used in this study were produced by the GOSSTCOMP satellite prograrn developed by NOAA/NES5, U5A and are given as SST values on a 1/2 0 by l/2° grid. Details on their reduction are given by Ikeda & 5tevenson (1978) .
Th~ selection of data from the year 1977 is relate.d to a paper published recently by 5trong & Pritchard (1980) . The authors compared SST anomalies using GOSSTCOMP data and National Marine Fisheries Service vessel's data over the North Pacific Ocean, and the smallest differences were obtained with data covering the winter of 1977-78.
The monthly mean sea surface current va1ues used are taken from the Pilot Charts, published by Diretoria de Hidrografia e Navegação (Brasil, 1974) . The data cover a period of 21 years, from 1951 to 1972.
To determine the terms related to the heat flux balance at the sea surface from SST, ocean currents, eddy diffusion and the mixed 1ayer, our starting point is the mathematical expreSS10n presented by Smirnova (1970 
w ere: -sea sur ace temperatura u,v -current ve10city components (cm S-l) K -horizontal eddy diffusion coefficient (cm 2 s-1 ) H -mixed 1ayer thickness (cm) Q -heat flux balance at sea surface (ly S-l).
H aT
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K'il 2 TH = Qd (heat transported by eddy diffusion)
Chossing the finite difference method to the partial derivative (Roache, 1972) , equation (3) and (4) 
The followin g assumpti ons were made for the annual mean value cal cul a ti on : 1) ~ = ~ == 50 em s-l and X = Y == 1,200 km 2) eddy diffusion coefficient K is considered cons tant and equal to 10 7 em 2S -1 ; 3) depth H is the mixed layer tickness, constant and equal to 100 m, Navrotskiy (1970) ; 4) mean current velocity is constant and mean SST is the temperature in the surface mixed layer 5) no vertical heat flux exchange occurs between the surface mixed layer (H) and the lower column.
After calculating Qc and Qd for each volume of a 2° x 2°(Lat. x Long.) square based on SST values at l° geographic interval and a constant depth equivalent to the oceanic mixed layer (100 m thick) and adopting a control volume of 2° x 2° (Lat. x Long.) area, it is possible to find the sea surface heat flux balance, shown in Figure 2 .
Positive values (+) indicate a gain in heat and negative values (-) a loss of heat across the face of the volume as shown in Figure 2 . 
Results
A strong displacement o f the isotherms in the area comprised between Lat. 23°S -28°S and Long. 041° -047°W, is observed in Figure 3 were the isotherms are represented at each 0.5°C interval of SST. The NOAA satellite temperature data used are plotted at each 0.5° (Lat. x Long.) interval and corr e spond to the annual mean value obtained from weekly satellite data covering the year 1977 (1977) from NOAA satell ite data.
The annual mean scalar velocity estimated from monthly mean velocity data (Pilot Charts) is shown in Figure 4 . The speed varied from 10 em s-l to 30 em s-l and the corresponding isoline (> 30 em s-l) followed the coastline. The annual vertical mean heat flux in the mixed layer due tothe ocean currents ~as calculated using equation (5) and is plotted in Figure 6 . Heat gain of up to 100 ly day-l was observed in three areas bounded by Lat. 26°8 -28°8 and heat loss of up to -200 ly day-l at Lat. 28°S.
The annual vertical mcan heat flux in the mixed layer contributed by eddy diffusion was calculated from equation 6 and plotted in Figure 7 . A heat gain of up to 60 ly day-l was observed in two areas located between Lat. 26°8 and 28°8; a heat loss was found in front of Rio de Janeiro at a rate of up to -80 ly day-l.
The sum of terms of heat transfer due to ocean currents and eddy diffusion represents the heat flux balance at the Bolm Inst. oceanogr., S Paulo, 33(2), 1985 sea surface. The results (Fig. 8) show the sea surface annual mean gain in heat flux in front of Rio de Janeiro to approach 70 ly day-1; in front ofthe coast between Lat. 26° -28°S up to 50 ly day-1, and a loss of heat between these -1 areas of up to -100 ly day .
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Discussion
The southward displacement of the isotherms near the coast (Fig. 3 ) may indicate the influence of the Brazil Current, characterized by warm water with a southward flux shown in Figures 4 and 5 , through the velocity field along the coast line (> 30 em s-l). The heat transported by this current along the coastline is verified in Figure 6 , with the mean annual value of heat gain reaching up to 100 ly day-1. Budyko (1974) refers to the great importance of the gain or loss of heat balance of the oceans, resulting from horizontal heat exchange, due mainly to the activity of ocean currents. Such a relationship is observed, for example, for warm currents such as the Gulf Stream and Kuroshio 1.7 times greater than that transported by the Brazil Current. In cold waters such as those of the California Current and of the Benguela Current, both with heat losses of up to -110 ly day-1, the data available indicate that the outgo of heat of the California Current and Benguela Current is 1.8 times smaller than that of the Falkland (Malvinas) Current.
Another fact to be noted is the mean annual value up -80 ly day-l of heat loss by eddy diffusion (Fig. 7) , in front of Rio de janeiro, probably due to the upwelling phenomenon occuJ:'ring in the area. Privett (1960) estimated values of mean annual heat balance in the southern Atlantic at -152 ly day-l to 17 ly day-l; Budyko (1974) at -80 ly day-l to 10 ly day-l; Hastenrath & Lamb (1978) found -90
ly day-to 20 ly day and our results ( Fig. 8) obtained -100 ly day-1 to 200 ly day-l Our calculations show significant differences, only for heat gain, occurring south of Lat. 27°S. This may be due to insufficient meteorological data available for this area to the above mentioned studies.
To verify seasonal influence monthly mean heat flux at sea surface were drawed. These results show (Fig. 9 ) the sea surface gain in heat flux during six months (Jan, Feb, Mar, Oct, Nov and Dec) and lost during another six months (Apr, May, Jun, Jul, Aug and Sept), The decrease in lost heat flux during May and June probably are due to the cold water influenced by the Falkland/Malvinas Current and upwelling phenomena (this year occurred "El Nino" in the Pacific Ocean). The distribution of isolines (Fig. 8 ) in some oceanic regions does not fully correspond to the location of the main regions of warm and cold water currents. This fact is partially explained by the values shown in Figure 8 , which represent just one of the consequences of this transfer, rather than a direct heat transport by the ocean currents.
Conclusions
The study shows that it is possible to estimate the heat flux balance at the sea surface over a large area, using NOAA satellite data and information about currents available from pilot Charts.
The mean annual values obtained from this study and the patterns of the heat flux balance at the sea surface are strongly influenced by the warm waters of the Brazil Current and the cold waters of the Flakland (Malvinas) Current.
In the area of Rio de Janeiro, the presence of cold water is probably due to local upwelling and has a strong influence on the heat flux balance at the sea surface.
The annual mean of the heat flux (Fig. 8) ShOW8 that the magnitude of heat gain at the sea surface in the study area is higher than the heat loss.
In the region under observation, it was verified that the areas with a heat gain are larger than those where a loss of heat occurs.
